Introduction
In modern growth theory technological spillovers are amongst the key sources of growth. In the Gerschenkronian tradition, one of the important potential sources of catch up in technologically backward economies is international technology and knowledge spillovers from the advanced economies. A similar reasoning can be applied to regions. Technologically more backward regions can profit from spillovers from technologically more advanced regions. In a previous paper (Wang and Szirmai, 2013) , we find that in the long run there is a tendency towards regional convergence in China. In the present paper, we address the question whether technological spillovers from regions with high levels of FDI and R&D play a role as drivers of regional growth in neighbouring regions. We distinguish between interregional R&D spillovers and interregional FDI spillovers. R&D spillovers represent the interregional effects of domestic investment in knowledge; FDI spillovers represent the interregional effects of international technology spillovers. We also examine the direct effects of R&D and international technology spillovers.
Research and development activities (R&D) have both direct and indirect effects on economic performance. The direct effect is that a firm that carries out R&D will benefit from the innovation of its products, processes, materials or organization. This helps a firm to increase its market share and profits. The indirect effect refers to the possibility that firms can imitate and learn from technological knowledge developed by other firms, no matter whether it is embodied in new products, processes or organizational routines. Such technological spillovers (externalities) result in increasing returns to scale at the macro level, even if technological investment in one firm might have decreasing marginal returns and constant returns to scale (see Mohnen, 1996 , for a survey of R&D externalities).
Technological spillovers play a crucial role in catch-up and convergence at both regional and national levels. The lagging regions or countries benefit from applying new technologies developed by the technological leaders, without having to bear the full costs and risks of developing these technologies. Due to their access to these kinds of technologies, lagging regions or countries can sometimes take large leaps in economic development. This is referred to as the advantages of backwardness (Gerschenkron, 1962; Abramovitz, 1989 , see also the discussion in Szirmai, 2012) .
In two previous papers Szirmai, 2008 & 2013) , we provide a first analysis of industrial growth performance in China. The annual growth rate of industrial labour productivity was 8.3 per cent between 1992 and 1997 and 19.2 percent between 1997 (Wang and Szirmai, 2008 . Using the coefficient of variation of GDP per worker, we found that in the long run there was a process of regional convergence in industrial productivity, with the lagging regions growing more rapidly than the leading regions. Regional inequality in 2005 was some 30 per cent less than in 1978.
In this paper, we focus on the growth of industrial value added in 29 Chinese regions 1 and examine the extent to which knowledge spillovers play a role in the growth of regional output.
2 With regard to regional spillovers, one set of studies (including this paper) focuses on knowledge spillovers between regions; the other set of studies examines output spillovers (Groenewold et al., 2006; Zhang and Felmingham, 2002) 3 .
Concerning the sources of knowledge spillovers in Chinese regions, we distinguish between interregional and international sources of knowledge spillovers. The former concept refers to R&D inputs in Chinese regions; the latter refers to international knowledge embodied in foreign direct investment (FDI) in Chinese regions. The analysis makes use of a unique newly constructed dataset of regional capital stocks (Wang and Szirmai, 2012) .
In this paper we explore the following questions:
1. How important are international FDI spillovers for regional industrial growth?
2. How important are interregional FDI spillovers for regional industrial growth?
3. How important is intraregional R&D for regional industrial growth?
4. How important are interregional R&D spillovers for regional industrial growth?
FDI spillovers, as a type of international knowledge spillovers, have been regarded as a very important source of knowledge in developing countries, since foreign investment in developing countries, embodies advanced technologies and provides access to the knowledge base created by R&D in the advanced economies. The
Chinese government provides considerable privileges to foreign firms in order to attract foreign investment to China. This assumes that the positive effects of FDI on economic growth are assumed to outweigh its possible negative effects (Liu and Wang, 2003; Liu and Buck, 2007) . The contribution of FDI to the Chinese economy not only results from its contribution to capital accumulation, productivity and exports but also from technological spillovers. There are two main channels by which local firms can benefit from FDI-related technological spillovers. One is through imitating products developed by foreign companies, given that local firms can easily learn from the new design of a market product. The other channel is through mobility of employment. Employees trained or hired by foreign companies can bring knowledge to local firms when they switch jobs. 7 Besides positive contributions the entry of foreign affiliates through FDI may also have negative effects on domestic companies, if multinational companies reduce the market shares of domestic firms, take away talented employees from domestic companies and limit technology transfers and spillovers. Branstetter and Feenstra (2002) argue that Chinese state-owned enterprises (SOEs) are more likely to oppose FDI than private firms because the entry of foreign firms brings more competition and threats to SOEs. However, the newly established Anti-Monopoly Law -which came into effect on August 1, 2008-includes a prohibition on abuse of dominance by monopolies and promotes a free market, therefore, the volume of FDI probably will not be determined by the SOEs.
With regard to FDI spillover effects, the results are mixed. From the ownership perspective, some authors find that foreign investment is beneficial only to the productivity of joint ventures or affiliates, but not to that of domestic plants (Aitken 7 In addition to these two main types of spillovers, there are competition and demonstration effects. Upon the market entry of foreign competitors equipped with more advanced technologies, local companies can be pushed to innovate and adopt more new technologies. However, in a strict sense, competition effects are not really spillovers, though they can stimulate firms to learn from their foreign competitors. For a further discussion on spillover channels, see Madariaga and Poncet (2007, p.841) and Cheung and Lin (2004, p. 26) .
and Harrison, 1999; Hu and Jefferson, 2002; Hale and Long, 2006) 8 . However other authors argue that FDI raises the long-term rate of productivity growth of domestic firms in the same industry (Liu 2008) , and both SOEs and other locally owned enterprises can benefit from inward FDI (Buckley et al., 2007) 9 .
From the industrial perspective, researchers find a significant and positive relationship between FDI and Chinese industrial development (Liu and Buck, 2007; Liu et al., 2001; Liu, 2002; Liu and Wang, 2003; Gao, 2004) 10 . Hu and Jefferson (2002) point out that FDI has a strong positive impact on the productivity of the firms directly receiving FDI, but that the spillover effects from FDI in an industry are negative for its domestic firms. In contrast, Ito et al. (2012) argue that positive technology spillovers to domestic firms do exist in the same industry when the technological distance between domestic firms and foreign invested firms is not too large.
From the geographical perspective, some researchers indicate that FDI flows to adjacent locations should also be included in the analysis in addition to the direct FDI in one location. They believe that FDI is beneficial not only to the region that receives FDI, but also to its neighbouring regions (Madariage and Poncet, 2007) . However, Girma and Wakelin conclude that while domestic firms do benefit positively from foreign firms in the same region and FDI spillovers occur within regions, there is no relationship or even a negative relationship between productivity in one region and FDI in other regions (Girma and Wakelin, 2002 & . Several studies on (direct) FDI spillovers in Chinese regions have been carried out in recent years (e.g. Cheung and Lin, 2004; Qi et al., 2009 ). However, there has not been much research on interregional (indirect) FDI spillovers between regions. This paper aims to address this gap.
8 Aitken and Harrison (1999) and Hu and Jefferson (2002) are similar to each other in terms of methodology and findings, except that the former focuses only on the short-run effects in which FDI reduces the market shares of domestic firms. The latter study also includes the long-run effects, namely the domestic firms which survive the competition resulting from FDI, will be able to benefit from technology spillovers. Hale and Long (2006) find that FDI has a strong positive effect on private firms in China, while SOEs experience no or even negative impacts from FDI. 9 They suggest that both types of firms (SOEs and other locally owned firms) benefit more in technology-intensive industries than in labour-intensive industries. 10 The focuses of these researchers are different: Liu and Buck (2007) focus on high-tech industrial sectors, Liu et al. (2001) on Chinese electronics industry, while Liu (2002) , Liu and Wang (2003) and Gao (2004) on general manufacturing/industrial sectors.
Given the existing large disparities in productivity between regions in China, interregional spillovers are well recognized as a possible source of catch-up for poorer regions. This paper will bring both direct and indirect FDI spillovers, as well as interregional R&D spillovers, into one framework. Examining both R&D and FDI interregional spillover effect, we will explore in depth the dynamic contribution of technology spillovers to industrial growth in 29 Chinese regions 11 .
Technology spillovers (between firms, industries or regions) are affected by geographic distance, trade relationships and technological congruence. Some studies use trade weights or input-output relationships between industries as weights in estimating spillovers. We argue that these weights are more appropriate for estimating rent spillovers, and are less useful for pure knowledge spillovers. Hence no such trade-related weights will be used in our analysis. Besides trade-related weights, indicators of technological similarity can also be helpful in exploring the impact of spillovers (Jacob and Szirmai, 2007) . However, given the difficulty in quantifying the technological congruence between regions, we have chosen to focus on geographic distance as our measure of closeness.
Factors Influencing Technology Spillovers
Four important factors influence technology spillovers: technology gaps, absorptive capacities, technological congruence and geographic distance.
Technology gaps.
A technology gap provides a potential for lagging firms, regions or countries to benefit from knowledge spillovers from the units at the technological frontier, and thus to catch up rapidly (Gerschenkron, 1962; Griffith et al., 2004) . At plant level spillovers have been analysed inter alia by Haskel et al. (2002) , and .
At the national level, Fagerberg and Verspagen (2002) in catch up (see also in Verspagen, 2001; Dosi et al., 1998; Szirmai, 2012) . Using an equilibrium model, Glass and Saggi (1998) Absorptive capacity. In order to imitate or utilize the know-how spilling over from the leaders, the followers need certain capabilities (background knowledge, production experience, skilled personnel) to understand and apply new technologies. Abramovitz (1986) states that "a country's potential for rapid growth is strong not when it is backward without qualification, but rather when it is technologically backward but socially advanced" (Abramovitz, 1986, p. 388) . has also stressed the necessity of "learning capability" for a country in order to benefit from technological spillovers. He models learning capability as a combination of an "intrinsic" learning capability and the technological distance between the leader and the recipient. In addition to imitating innovations created by outside sources, absorptive capacity also provides an ability to learn from outside knowledge Levinthal, 1989 & 1990) . To have a positive spillover effect from more advanced regions, Girma (2005) argues that the receiver's absorptive ability should be higher than the threshold level.
Technological congruence. At the national level, technological congruence is another factor influencing the successful utilization of external sources of international technology (Abramovitz, 1986) . It is easier for knowledge spillovers to take place if there is technological congruence between technology leaders and followers. Between the regions of a single country we expect to find more technological congruence than between different countries, due to similarities in culture, policies, and human resources than between countries.
Geographic distance. Geographic distance is an important element in analyzing the effects of technological spillovers. Many empirical studies (Funke and Niebuhr, 2005; Orlando, 2004; Caniëls and Verspagen, 2001) show that the spillover effects decrease with distance. Through a spatial analysis of productivity effects of G-5 countries'
R&D spending in other OECD countries, Keller (2002) finds that "the distance at which the amount of spillovers is halved is about 1,200 kilometres" and he concludes that "technology is to a substantial degree local, not global, as the benefits from spillovers are declining with distance." López-Bazo et al. (2004) argue that the externalities across EU regions are locally bounded in the sense that they occur only within distances below 600 kilometres. Girma (2005) divides the UK into 14 regions and presents distance-weighted measures of foreign presence outside the region but within the same sector. Distance will be explicitly incorporated in our analysis.
Spillover Models
Various models have been used in the literature regarding technological externalities and spillovers. Four different categories of spillover models will be discussed below.
Group 1: General technological spillovers
A well-known approach to measure spillover effects is the augmented Cobb-Douglas production function, proposed by Griliches (1979) : (1) is taken from the firm perspective, endogenous growth literature puts restrictions on the parameters such as 1 and can be viewed as an aggregate R&D stock leading to knowledge spillovers to the individual firm. In case of an industry or regional perspective, might already include intra-firm spillovers such that the abovementioned restriction on the parameters is not required (see e.g. Barro and Sala-i-Martin, 2004) R&D, the coefficient  the indirect contributions (spillovers) of R&D.  and  represent the partial elasticities of output with regard to direct R&D and indirect
R&D. it
A captures the level of total factor productivity (sometimes interpreted as the level of disembodied technology). Using logarithms, Equation (1) can be written as
This model has been widely adopted in measuring R&D spillover effects (see Raut, 1995, p. 5; Los and Verspagen, 2000, p. 129; Coe and Helpman, 1995) .
Most literature on inter-industry or international spillovers uses weights to aggregate external R&D stocks, which are based on the correlations, similarities or degree of interaction between the destination and the origin of spillovers (Griliches, 1979; Aiello and Cardamone, 2005) . In international spillover studies, trade volumes between two countries are used as weights (Coe and Helpman, 1995, p.860; Jacob and Szirmai, 2007) . In inter-industry studies, use can be made of input-output tables.
However, interregional input-output tables are scarce so, it is difficult to quantify such weights. Some researchers have simply used the unweighted aggregate R&D expenditures of other regions (Raut, 1995; Wei and Liu, 2006) . In this study we will use spatial distance between regions as weights, expressing the degree of regional closeness.
Group 2: FDI spillovers
The contribution of FDI to economic growth comes not only from its direct contribution to capital formation or employment creation, but also from its role as channel of international knowledge spillovers. 13 Spillovers from FDI are among the technological spillovers which were discussed more generally in group 1. Most existing literature on FDI spillovers is also based on an extension of Equation (2).
Given that the technology level of one region can be a result of both the direct technological influence from the foreign investment that has taken place in this region, and spillovers from FDI in other regions, two sources of spillover effects can 
This formulation has been used by numerous authors in measuring FDI spillovers (Liu et al., 2001; Wei and Liu, 2006; Cheung and Lin, 2004) .
Group 3: Distinguishing between effects of foreign and domestic investment
In estimating the direct effects of FDI on growth, one needs to distinguish between domestic investment and foreign investment. Usually, foreign investment is already included in the capital stock estimates. If one then simply adds FDI or FDI stocks to a model that already includes, this results in double counting. Balasubramanyam et al. (1996) separate the effects of FDI from domestic investment effects in their model as
where y, l, k, f, and x are the growth rate of GDP, labour, domestic capital stock, foreign capital stock and exports respectively, and  ,  , and  are their output elasticities. Being aware of, and having stressed the impact of spillovers and externalities from FDI, they show that FDI makes a more important contribution to growth than domestic investment, through comparing the coefficients of  and .
However, given that the two effects of FDI (international knowledge spillovers and capital investment) are included together in , their work does not measure the spillover effect separately. But one might interpret a significant positive difference between  and  as an indicator of the existence of international FDI spillover effects.
Group 4: Accounting for the endogeneity of FDI As pointed out by Hale and Long (2011) , most of the empirical studies on FDI spillovers in China suffer from an upward bias due to the endogeneity of FDI.
Decisions on investment by foreign firms do not happen randomly. In order to maximize profits, foreign companies tend to select regions (or sectors) with higher potential growth capabilities and higher technology levels than other regions or sectors. In other words, FDI is more likely to take place in a region (or sector) with higher productivity and/or more rapid growth. Therefore the contributions of FDI will be exaggerated if part of regional or sectoral growth is misinterpreted as a FDI effect (Hale and Long, 2011; Hu and Jefferson, 2002) . Ignoring the endogeneity of FDI results in an upward-bias in the estimates of international knowledge spillover effects.
To account for the endogeneity in firm-level analysis, Aitken and Harrison (1999) , 
Data and methods
To estimate the contribution of technological spillovers to the industrial output in regions, we need data for value added, capital input, employment, R&D stock and foreign direct investment. This section describes the data we have collected and the methods used to analyse them.
Data collection

Value added
We collected value added time series by region from the China Statistical Yearbooks (CSY), and the China Industrial Economy Statistical Yearbooks (CIESY). Due to the inconsistencies in coverage and frequent changes of concepts in the published statistics, a series of adjustments has been made to create a consistent long-run time series (see Szirmai and Ren, 2007) . Price indices of industrial products from the CSY (2003, p.313 ) are used to deflate the current price series of value added to constant 1990 prices.
Capital input
Published information on capital investment in Chinese statistics is not yet consistent with the SNA framework, which implies that such data cannot directly be used in productivity calculations. In recent years, considerable progress has been made in estimating capital stocks at the national level (e.g. Holz, 2006; Wu and Xu, 2002; Chow, 1993; Huang et al., 2002) . However, so far there has been little research on regional capital stocks. In this paper, we will use our own estimates of regional fixed capital stocks for 30 regions (Wang and Szirmai, 2012) . These estimates are made for productive capital inputs rather than wealth capital stocks 14 . The preferred investment concept is Newly Increased Fixed Assets (NIFA). The perpetual inventory method has been adopted in constructing regional capital stocks from regional investment data.
Three types of service lives are applied in the stock construction: 16 years for machinery and equipment, 30 years for non-residential fixed structures and 7 years for other investment (see more details on capital input estimation in Wang and Szirmai, 2012) .
Employment data
Selecting employment data needs to be done with caution due to great inconsistencies of published data in Chinese yearbooks. For employment before 1993, we used staff and workers by sub-sector of industry (CIESY, 1993) . For later years, we used staff and workers by detailed sub-sector from the labour statistics yearbooks CLSY, adjusting for the more limited concept of "in-post staff and workers". Also, post-1993
14 Productive capital stock measures the productive capability or efficiency of capital and this concept is used in productivity analysis, while wealth capital stock reflects the market valuation of fixed assets, and it is used especially in business accounts.
industrial employment figures are only published for urban areas. We made upward adjustments to these series to arrive at employment series for the total industrial sector (see also in Wang & Szirmai, 2013) . The new data is for "employment", so we don't have to adjust to include the non-on-post workers. The S&T expenditure generally (except in some earlier S&T yearbooks) is the sum of four categories: independent research institutions, large & medium-sized industrial enterprises, institutions of higher education, and others. The reason for using the sum of S&T expenditure instead of that of mere industrial enterprises is that we intend to measure both intra-and inter-industry knowledge spillovers. Innovations used in industries can originate not only from laboratories of industrial enterprises, but also from independent research institutions, universities and other industries.
R&D Stock
To estimate R&D investment before 1998, we rely on S&T expenditure and the average ratio of R&D to S&T between 1998 and 2002. Namely, we first calculate the five-year average ratio of R&D to GDP for each region, and then apply this ratio to regional S&T expenditure to get the estimated R&D investment between 1990 and 1997. Using the same price deflator as value added, R&D and S&T data are also converted into constant 1990 prices.
R&D stock is accumulated from each year with a given depreciation rate. Applying the perpetual inventory method, the R&D capital stock of region i at time t ( it RD ) can be calculated by
, where  is the depreciation rate and it rd 15 According to the China Statistical Yearbook on Science and Technology 2005 (p.436) , the expenditure of science and technology activities refers to the actual total expenses spent in this particular unit on S&T activities in the report period, including expenses on wages, research business, research management, fixed assets in non-basic construction, and other S&D activities; not including the expenditure on productive activities, paying off loans or money transferred to other units.
is the R&D expenditure of year t. The depreciation rate is assumed to be 15 per cent (Los and Verspagen, 2000; Griliches, 1990; Raut, 1995; Hall et al., 2010 (Harberger, 1978, Coe and Helpman, 1995; Los and Verspagen, 2000) . Given that the estimate of the initial R&D stock greatly depends on the investment flow in the first year, an outlier year would bias the estimates. Due to the considerable volatility of the growth rates of R&D expenditure in the early years, we apply the growth rates of the entire period, i.e., average of 1990-2005.
Moreover, we calculate the initial stock 16 times, using the R&D expenditure in all years, and then take the average of these R&D stocks as our estimate of the initial stock. The generalized equation is as follows:
Where g is the average growth rate of S&T expenditure during 1990-2005; R&D investment flow rd was taken in the whole period (1990, 1991 … 2005) .
Interregional R&D spillovers are calculated by the distance weighted sum of R&D stock in other regions, see Equation (7) and (8) below.
Foreign Direct Investment
To address the problem of double counting in capital investment, we use regional FDI intensity, i.e. the regional ratio of FDI to TIFA (total investment in fixed assets), rather than regional FDI itself. If regional FDI intensity has a significant impact on regional growth, we interpret this as the effect of international knowledge spillovers to the region, over and above the effects of FDI as incorporated in the regional capital spillovers, see also Equation (7) and (8).
Methodology
The aim of this paper is to examine interregional technology spillovers. To do so, we distinguish the effects of direct regional R&D inputs, R&D spillovers from other regions, international knowledge spillovers embodied in direct regional FDI, and interregional spillovers from FDI in other regions. In the present study, the units of analysis are 29 Chinese regions 17 .
The spillover model used in this paper is derived from Aitken and Harrison (1999) and Hu and Jefferson (2002) . As explained in section 2, the merit of the models of Aitken and Harrison (1999) and Hu and Jefferson (2002) In Equation (5) the interaction terms,
FDIS RDe
are introduced into the regressions one by one. In the estimations we will use one year lag for all the technology related terms and a half year lag for capital inputs.
The closer two regions are to each other, the greater the possibilities for communication and business and labour flows. Hence there will be more 18 Representing the logged variable with lower case characters, Equation (6) 19 Geographic distance is used as weight in aggregating the R&D stock from outside regions. 20 Geographic distance is used as weight in aggregating the FDI level from outside regions. opportunities for knowledge spillovers. In this paper, geographic distance is used as weight in aggregating spillovers from outside regions, with regard to both R&D and FDI, as follows:
Equation (6) . Thus the sum of each row in the matrix is equal to 1.The cut-off parameter has been chosen differently by different researchers (see Baumont et al., 2000 , for taking different distance parameters as well as working without cut-off). We argue that a cut-off distance should be used given that a region is less likely to be influenced by very distant regions. We take 1520 kilometres as the cut-off distance 22 . This guarantees that each region in China has at least one region with which it interacts.
Since we believe that investments in R&D and foreign direct investment have a lagged impact on the level of technology and to avoid the endogeneity problem of these variables a one year lag has been applied to R&D, R&D spillovers, FDI, indirect FDI spillovers and interaction terms. For the capital stock we used a half year lag which is commonly used in the literature. Instead of focusing only on regional shares in R&D and FDI, it is also interesting to chart the regional distribution of R&D and FDI intensity. Both R&D and FDI intensities are calculated as ratios to regional GDP. The intensity is taken as the average of a 5 year period, which reduces the influence of outlier years. Overall, the intensity maps depict different patterns in the investment distribution of R&D and FDI. High FDI-intensity occurs mainly in coastal regions (in both earlier and later stages), while in the earlier period high R&D-intensity can be also seen in central regions of China. With regard to R&D intensity, we do observe a shift from middle to coast between the two periods.
Empirical Results
Regional distribution of R&D and FDI
It is well known that
Econometric Analysis
Our empirical analysis covers effects of technological spillovers on output in 29
Chinese regions variables. The year with the most significant F test is chosen. This is done in all listed variants of the model. In almost all cases the most significant break year turns out to be 1998 and we used a break in 1998 in all our specifications.
In addition to adding a time trend to capture improvements in technology exogenous to the model, we also experimented by including year dummies leading to a so called two-way fixed effect panel model. If coefficients that are significant in the time trend specification remain significant in the year dummy version of the model, this is a confirmation that the correlation as found in the model that includes a time trend is not due to a common missing other factor. If the coefficients in the year dummy version of the model are not significant, while they are significant in the time trend specification, this can indeed be due to a missing common factor, but it could also be caused by less variance between regions as the year dummies capture all differences.
Therefore, significant results in the year dummy version would confirm the relevance of that particular variable, but insignificant results do not necessarily prove the opposite 25 . The regression results of the time trend models are presented in the following tables while models with year dummies are reproduced in the Annex. 26 . Our preferred specifications are those of column 3 and 4, though we also refer to the other specifications in the text. Table 2 . The former includes all variables, while the latter excludes the FDI variable which is not significant in Table 1 . For each variable in both tables, there are two coefficients for different periods, one before the break year (t<1998) and one after the break year (t>=1998).
contribution of interregional R&D spillovers to the industrial value added, hence R&D spillovers seem less important in those time-dummy models. This indicates that interregional R&D spillover effect between regions over time is more than between time over region. Since R&D spillovers are based on distance weighted averages of regional R&D stocks it is indeed somewhat to be expected that regional differences are less pronounced. Another minor difference is that for a couple of cases, the R&D effect after 1998 becomes insignificant in the year dummy models, mainly due to the fact that the year dummies capture most changes over years. 26 Year dummies are not reported in the tables. 27 Interaction term between R&D and R&D spillovers was also tested, but not included in the results because of its non-significant result. Note: Dependent variable is industrial value added. Fixed effect models, Robust standard errors are in parentheses. *** at 1 per cent significance level; ** at 5 per cent significance level; and * at 10 per cent significance level. Note: Dependent variable is industrial value added. Fixed effect models, Robust standard errors are in parentheses. *** at 1 per cent significance level; ** at 5 per cent significance level; and * at 10 per cent significance level.
Importance of the year-break
The year break coefficients for capital and employment are all highly significant (p<0.01), and the year break coefficients for other variables are also usually significant in both Table 1 and 2. In particular, in all type of models, there is a clear shift in the between capital and labour, i.e. the coefficient of capital was around 0.4 before the break year 1998 and around 0.6 or 0.7 afterwards; the coefficient of labour changed from 0.6 before the break to 0.4 after the break. All of this indicates that adding the year-break is of considerable importance. The changes of elasticities of capital and labour indicate that the industry in China changed from a labour-driven growth to a capital-driven growth.
Contribution of R&D stock and R&D spillovers
The coefficients of the R&D stock are statistically significant in almost all specifications in Table 1 . However the contribution of R&D decreases slightly after the year break 1998, in particular in the regression for R&D and R&D spillovers (Col.
1 of Table 1 ). This result is in line with the earlier findings of Hu and Jefferson (2004) and Jiang et al. (2010) who find that returns to R&D and its productivity have declined over years.
Regarding the interregional R&D spillovers, it is interesting that R&D spillovers contribute significantly and positively to regional industrial value added only in the period after 1998 (see Table 1 and 2). This indicates that regions did not yet receive significant spillover effects from the R&D invested by their neighbouring regions until 1998. The coefficients of lagged interregional R&D spillovers after 1998 ( 1  t rdse , t>=1998) are positive and statistically significant in all regressions in Table 1 and 2.
Direct and indirect foreign technological spillovers
With regard to the contribution of FDI, we find a clear break. The direct international FDI spillover is positive and significant in the models which do not include interaction term. But this effect exists only after 1998. The evidence indicates that the contribution difference between before-and after-1998 is closely related to the regional R&D changes. As stated in section 4.1, the R&D expenditures grew at 9 per cent per year between 1990 and 1998, but after 1998, there is a much faster and Table 1 ). This will be further discussed in the subsequent section regarding the interaction term between R&D and FDI ( The interregional FDI spillovers ( 1  t fdis ) are significant but negative after 1998. Our interpretation of this finding is that there are resource movements and employment flows toward to nearby regions where much foreign investment occurred, which is similar to the "market-stealing effect" discussed in Aitken and Harrison (1999) 28 . FDI invested in one region can attract (or steal) labour and/or other resources from its neighbours.
The year-break effect can be further explained by one important reform, the Hukou system reform, which took place in China exactly in 1998. It is well-known that the strict Chinese Hukou system has prevented labourers from moving for decades. To meet the needs of the transition from a planned to a market economy and the further development of China, the relaxation of Hukou system started in 1990s, first with a couple of regions, i.e. Shanghai in 1994, Shenzhen in 1996 and Guangdong 1998. The official national Hukou reform regulation was issued by the State Council on July 22, 1998. Following that and some other further policy changes in some regions, the rural migrant labour force increased to about 140 million by 2008 (Chan 2010; Pan, 2012) .
For instance, in Shenzhen, which is located in the south of Guangdong and the first city of five Special Economic Zones in China, migrant labour accounted for 80 per cent of its total labour force in 2000 (Chan, 2009) 29 . The Hukou reforms greatly facilitated labour mobility, and consequently, this allows for labour and resource 28 Aitken and Harrison (1999) find that domestic enterprises receive a negative spillover from foreign enterprises, which they explain as a market-stealing effect. 29 In 2000, Shenzhen's total population was 7 million, while the registered inhabitants with local Hukou were only 1.3 million.
movements to regions with lots of FDI and causes the negative interregional FDI spillovers. Domestic innovation capacity is crucial in utilizing foreign spillovers, not only at regional level, but also at sectoral level. Domestic R&D capacity in one sector also plays an important role to absorb FDI spillovers in this sector. This explains why Jiang et al. (2010) find significant foreign spillovers to China in the telecommunication field, given that the telecommunication is one the most advanced sectors in China and there is a well-established telecommunication infrastructure to absorb foreign spillovers.
The interaction term between R&D and FDI
The interaction term between FDI and indirect FDI spillovers
In the model of Col. 2 in 
Interaction term between R&D and indirect FDI spillovers
In order to further explore the dynamics of indirect FDI spillovers, we include the interaction term between R&D and indirect FDI spillover ( Table 2 . Similar to other models in Table 2, ) . So, the interregional effects of FDI are negative. 30 The variable of FDI is taken out from this last model, because of its insignificance. The conditional contribution of FDI spillovers is also embodied in the interaction between direct FDI and indirect FDI spillovers. In other words, if a given region has high FDI spillovers from its neighbours, this region is more likely to benefit from direct FDI flowing into this region.
Conclusions
All the evidence in this paper indicates that sustaining/increasing high level of foreign direct investment doesn't automatically drive the growth of Chinese industry.
Whether or not a region benefits from FDI spillovers depends on its absorptive capacity based on its own R&D efforts and a conducive environment of neighbouring regions with high levels of FDI.
7. With regard to the interregional (indirect) FDI spillovers, our results show that regions cannot expect to benefit from foreign direct investment received by their neighbours. On the contrary, due to the movement of labour and other resources towards regions with more FDI, a high level of foreign investment in one region can negatively influence its neighbour's industrial output. FDI acts as a magnet to attract skilled labour. The increase of labour mobility after the Hukou reform seems to accelerate this type of negative indirect FDI spillovers. Our results also indicate that otherwise than in the case of direct FDI spillovers, a high level of local R&D does not facilitate positive interregional indirect FDI spillovers.
8. In summary, we conclude that the growth of industrial value added in Chinese regions relies mainly on the regional R&D expenditure, interregional R&D spillovers and conditional direct FDI spillovers. Indirect interregional FDI spillovers are negative. Considering the distribution of R&D intensity and FDI intensity across regions -high R&D intensity in both coastal and middle regions, FDI primarily found in coastal regions -interregional R&D spillovers seem to contribute more to regional convergence, while FDI and interregional indirect FDI spillovers tend to promote regional divergence. Note: Dependent variable is industrial value added. Fixed effect models, Robust standard errors are in parentheses. *** at 1 per cent significance level; ** at 5 per cent significance level; and * at 10 per cent significance level. Note: Dependent variable is industrial value added. Fixed effect models, Robust standard errors are in parentheses. *** at 1 per cent significance level; ** at 5 per cent significance level; and * at 10 per cent significance level.
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